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Abstract. Appliances equipped with single-cylinder combustion engines generate noise which 
may have an adverse effect on human health. Lawnmowers are one of the most popular examples 
of appliances utilising a drive of this type. This paper presents the results of measurements of 
sound levels emitted by such mowers and received in the whereabouts of their users. The effect 
was analysed of a change in the technical condition of their drive on the sound level and a method 
was proposed to assess its impact on users. The basis of the method is the summation of selected 
1/3 octave bands, in which the main energy of noise generated by mowers with single-cylinder 
combustion engines is radiated. 
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1. Introduction 
Noise and vibration are among the most negative environmental factors affecting the health 
and comfort of human existence (Fig. 1). 
 
Fig. 1. The influence of sound level on the risk of losing hearing by human 
Research on the effects of noise on humans is conducted in many research centres and 
scientific establishments. Its scope includes an assessment of the harmful impact of noise on the 
condition of human health in different working environments [1-14], as well as the construction 
of new solutions of low vibration machines [15-23]. The research also facilitates development of 
new standards setting the noise limits, above which rises the risk to human health. 
The main sources of environmental noise include primarily traffic noise and noise in the 
workplace [11, 24-32]. The noise level is being limited by legislation, with gradually introduced 
more and more stringent noise emission standards. In the case of noise present in the areas of 
human habitat, reducing its level is often difficult [32-33]. 
The machinery used in households and service companies in a variety of ways raises the sound 
level. In the case of machines with electric motors, there is only a slight increase in the sound level 
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and a slight negative impact on human hearing. Such a drive, however, has limited mobility. 
There is a number of appliances whose work requires mobility and independence from a source 
of power. These include power generator units, water pumps and lawnmowers. To propel them, 
popular solutions with single-cylinder internal combustion engines are used, which, by virtue of 
their design and operation principle, are characterised by considerable vibroactivity. 
Lawnmowers are one of the most popular examples of appliances utilising a drive of this type 
[34-44]. These are, according to the definition enclosed in the directive 2000/14/WE of the 
European Parliament and in the Council of the European Union dated on 8th May 2000, machines 
having cutting element working on plain and using the ground level to specify the height of cutting 
regulated by wheels, air bag, etc. 
In accordance with this directive, these devices have a fixed maximum sound power emission 
level, depending on the width of the cut ܮ, which amounts to: 
- ܮ < 50 cm – 96 dB, 
- 50 cm < ܮ < 120 cm – 100 dB,  
- ܮ > 120 cm – 105 dB. 
The permissible sound power level in these cases refers to a brand new equipment and does 
not take into account any changes in the technical condition of the lawnmowers caused by their 
long-term use. 
The noise level in this case depends on the place of measurement, and in the case of the 
research on its impact on users presented in [42-43], it always exceeded the value of 80 dB(A). 
According to the guidelines [10-11, 13] concerning the assessment of noise impact on humans, it 
may cause a decrease in productivity, harm to internal organs or headaches. In some cases, the 
noise level exceeded 86 dB(A), which may cause a number of organic diseases, cardiovascular 
disorders, balance disorders or nausea. 
As presented in [43], the value of the equivalent sound level of lawnmowers recorded in the 
1/3 octave bands is influenced by: 
- increased wear and tear: the noise increases by more than 6 dB(A) in band 800 Hz, 
- increased engine cubic capacity in mowers: the noise level decreases by ca. 8 dB(A) in band 
630 Hz, 
- increased mower engine power: the noise increases by as much as ca. 8 dB(A) in band  
250 Hz. 
Hearing injury to which the mower user is exposed is not caused by a single exposure to noise 
of a very high sound pressure level, but by the long-term noise of moderate to elevated sound 
levels. This type of noise is frequently present in the working environment and, in addition, its 
level varies depending on the technical condition of the machines and equipment used. The 
hearing injury which occurs in such case is called the noise-induced hearing loss, NIHL. 
Accordingly, directives and safety standards require employers to provide their staff with 
personal protective equipment where the noise exceeds the threshold values (ܮா௑,଼௛ > 80 dB). 
Moreover, if the values characterising the noise reach or exceed the maximum permissible noise 
levels (ܮா௑,଼௛ ≥ 85 dB and/or ܮ஺௠௔௫ ≥ 115 dB and/or ܮ஼௣௘௔௞ ≥ 135 dB), these standards oblige 
employers to monitor their correct application [44]. The guidelines are, however, often ignored by 
employers, whereas in the case of individual users of mowers, the regulations on hearing 
protection are either unknown or ignored as not a major problem.  
The aims of the study were: 
- the results were presented of noise measurements of lawnmowers powered by single-cylinder 
combustion engines, each representing a various technical condition, 
- analysis was made of the effect of a change in the drive condition on the sound level in 1/3 
octave frequency bands,  
- a method was proposed to assess the impact of noise generated by lawnmowers powered by 
single-cylinder combustion engines on their users, which consists in the summation of the sound 
energy in the selected 1/3 octave bands. 
51. THE ASSESSMENT METHOD OF HUMAN EXPOSURE TO NOISE EMITTED BY LAWNMOWERS EQUIPPED WITH SINGLE-CYLINDER COMBUSTION 
ENGINES. TOMASZ FIGLUS, ANDRZEJ WILK 
 © JVE INTERNATIONAL LTD. ISSN PRINT 2335-2124, ISSN ONLINE 2424-4635, KAUNAS, LITHUANIA 133 
2. Methods 
The emission of hand lawnmowers, in which they use internal combustion engine, was 
examined. In Fig. 2, the exemplary lawnmowers assigned to the research is presented. 
 
Fig. 2. Husqvarna M145SV example of lawnmower used in the study 
After initial verification of different lawnmowers, five mowers were selected for further 
comparative studies, with the following parameters: 
- engine power: 2.4 kW,  
- rotational speed during normal operation: ca. 2900 rpm, 
- different technical condition, marked as TC0-TC4, where: TC0 – a new lawnmower, TC4 – 
the most worn out lawnmower. 
The estimation of their condition was carried out in the subjective way by the service as there 
is no possibility to read the time of their use. During the initial examination the lawnmowers were 
grouped according to their estimated number of hours of their used (from the last repair), estimated 
working hours in the season, current technical condition. A detailed selection of lawnmowers for 
the research and their parameters are discussed in [42-43]. 
 
Fig. 3. Analyser Sonopan DSA 50 
The measurements of equivalent sound level (ܮ஺௘௤) was conducted by using the sound analyser 
SONOPAN DSA-50, with the adjustments 1/3 octave filter and the A characteristics (Fig. 3). 
During the measurements the weather was controlled with the use of Terdens Moon BSP 1201.  
The noise emission measurement was carried out in the following weather conditions: 
- ambient temperature 14.2-16.5oC, 
- air-pressure 983-985.7 hPa, 
- air humidity 62-87 %. 
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With regard to comparatively narrow changes range of atmospheric conditions which perturb 
the measurements, it was accepted that they were not important for the research. 
The measurements emission of noise of the lawnmowers were conducted in the open area free 
from any obstacles which could echo of the sound. For the research, they accepted that the 
microphone had to be set on a tripod and directed at the axis coming through the noise source. 
The outline of the measurement work stand is presented in Fig. 4. 
In the first part of the research, the measure of the background surrounding was conducted in 
order to define the possibilities of its influence on the quality and quantity changes of the acoustic 
pressure, around the lawnmowers. The measurement results of the equivalent background sound 
level ܮ஺௘௤ and the temporary sound level value ܮ஺ of these measurements showed that the sound 
level in that case was within the range of 42-46 dB(A). Similarly, the results of the obtained 
measurements have not fundamental influence on the possibility of introducing errors during 
proper lawnmowers measurements. 
 
Fig. 4. The diagram of the measurement site: 1 – lawnmower, 2 – measurement microphone  
set on the tripod on the level of 167 cm above the ground, 3 – the weather station,  
4 – the sound level meter, 5 – wire connecting the meter with the microphone 
3. Results and discussion 
In the first stage of the study a comparison was carried of the results of the sound level 
measurements across the entire frequency band analysed. The results presented in Fig. 5 indicate 
a growing sound level with an increasing degree of wear of the mowers. The recorded sound levels 
in these cases demonstrate the negative impact of noise on the operator’s hearing and require the 
use of ear protection. 
 
Fig. 5. A change in the equivalent sound level of mowers representing a various technical condition 
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In further studies an assessment was made of a change in the sound level of the analysed 
lawnmowers in 1/3 octave bands. 
The results shown in Fig. 6 indicate that there is an elevated sound level in the 
medium-frequency bands, which adversely affects the hearing in people. The sound level 
increases as the technical condition of a mower changes, and exceeds 70 dB(A) in the selected 
thirds from 200 Hz to 3.15 kHz – which is marked as “Range P”. 
 
Fig. 6. A change in the sound level of individual thirds, depending on the change  
in the technical condition of a mower 
In order to assess the impact of the sound energy in each 1/3 octave band on the overall sound 
level and human hearing, further studies were conducted. 
On the frequency-frequency distributions (Fig. 7), examples are presented of the overall sound 
energy levels attributable to the increasing signal frequency ranges for 3 mowers, each in a 
different technical condition. It was assumed in the calculations that the middle band, for which 
the base noise level was determined, ranged from 800 to 1000 Hz. Further bands added to the 
above-mentioned one expanded its range towards high and low frequencies. The total sound level 
value calculated for bands from 25 to 16000 Hz was the total sound level in the frequency range 
under consideration, and thus the sum of all 1/3 octave bands in the range of 25-16000 Hz. 
The following relationship was applied for the calculation of the sum sound level: 
ܮ஺௦௨௠ ൌ 10 ⋅ log ൭෍ 10଴.ଵ⋅௅ಲ೐೜
௡
௞ୀଵ
൱, (1)
where, ݊ – number of frequency bands, ܮ஺௘௤ – equivalent sound level in the selected 1/3 octave 
band [dB(A)]. 
The results of these calculations show that the total value of sound level is influenced mostly 
by the energy contained in 1/3 octave frequency bands in range ܲ (Fig. 6). Further expansion of 
the frequency band adopted to calculate the sum sound level did not cause its further significant 
increase. 
An assessment was carried out of a change in the sound level of individual thirds of range ܲ 
(Fig. 6), depending on the degree of wear of the mowers. Fig. 8 shows a change in the number of 
bands of 1/3 octave frequencies attributable to the individual sound level ranges, depending on the 
technical condition of three mowers varying in the degree of use: TC0, TC2 and TC4. 
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a) 
 
b) 
 
c) 
Fig. 7. Sum of the 1/3 octave band sound levels, where: a) TC0, b) TC2, c) TC4 
 
Fig. 8. A change in the number of frequency bands depending on the recorded sound level 
The calculations show that as the wear of the mower increases, the sound energy increases in 
the presented 13 frequency bands from 200 Hz to 3.15 kHz (range ܲ). 
The noise level determined in this frequency range can therefore be used to identify exposure 
of human health caused by the lawnmowers under consideration. This is corroborated by the 
calculations presented in Fig. 9, which shows the sound level changes, depending on the degree 
of use of the lawnmowers in the bands of 1000 Hz and 200-3150 Hz, and in the entire frequency 
range of 25-16000 Hz. 
The noise levels calculated in the frequency range of 200-3150 Hz are lower by less than 1 dB 
than the values in the whole frequency range analysed, i.e. 25-16000 Hz. 
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Fig. 9. Sound levels of selected 1/3 octave bands 
4. Conclusions 
Noise belongs to one of the factors that pose a threat to human health. Among its sources are 
popular appliances used in both households and service companies. Lawnmowers powered by 
single-cylinder combustion engines are a significant source of noise emission. The developed 
standards concerning noise emissions apply to brand new solutions only, without taking into 
account changes in the noise level resulting from the changing technical condition of the appliance, 
caused by its wear and tear. 
The measurements of the equivalent sound level generated by lawnmowers at the place of 
sound reception by the user indicate exposure of human health. A method was developed to assess 
the harmfulness of noise to the mower operator’s hearing, which is based on an analysis of the 
sound energy distribution in the selected 1/3 octave bands. In such case, it is proposed to carry out 
measurements and analyse the effects in the frequency range from 200 Hz to 3.15 kHz. 
At the same time, the results of the study indicate the need to develop ear protection solutions 
which should dampen the sound in this frequency range as much as possible. Solutions of this 
type would therefore be dedicated to users of the investigated lawnmowers powered by 
single-cylinder combustion engines 
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